Bacterial bloodstream infections (BSIs) are generally monomicrobial. Polymicrobial bacteremia occurs in 5%-22% of cases that occur in large series [1] [2] [3] and more frequently in elderly patients who have multiple underlying diseases. Polymicrobial BSIs have been associated with a higher mortality than have monomicrobial episodes [2, 3] .
During the past 2 decades, the frequency of invasive fungal infection has increased dramatically among hospitalized patients throughout the world, with Candida species being one of the leading causes of BSI [4, 5] . Data from North American and European surveillance programs have revealed that Candida species occupy the fourth to sixth positions in the list of leading causes of nosocomial BSI [3, [6] [7] [8] .
Fungemia has been classically considered to be a monomicrobial disease [9] [10] [11] [12] [13] [14] [15] [16] , and the detection of 11 species of yeast in circulating blood samples is uncommonly reported using traditional microbiological blood culture procedures [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . We describe the incidence, clinical consequences, and risk factors of mixed fungemia (MF) in a large teaching hospital.
MATERIALS AND METHODS

Study design and hospital characteristics.
We retrospectively studied all episodes of MF that occurred at our institution from January 1985 to May 2006. Ours is a large general-tertiary teaching hospital that serves a population of ∼715,000 inhabitants in Madrid, Spain. The hospital has ∼1750 beds and includes all medical and surgical specialties, including very active solid-organ (e.g., heart, liver, and kidney) and bone marrow transplantation programs.
A prospective database containing data for all episodes of BSI has been maintained by the microbiology service since 1985. Clinical reports of patients with MF were reviewed according to a preestablished protocol. We defined cases of MF as those with an isolation of у2 different species of yeast with clinical significance from blood sample cultures. A patient was considered to have significant fungemia if the yeast was recovered from at least 1 blood culture specimen and was associated with fever or signs of infection. The origin of fungemia was established by means of positive culture results (regardless of whether both yeast species were recovered) and/or with clinical evidence of infection [21] . For example, when 1 or 2 yeasts were also isolated from a catheter tip or from urine samples, we assumed that the origin was the intravenous catheter or the urine, respectively. However, when fungi were isolated from skin, we assumed that this isolation reflected a metastatic skin lesion. Neutropenia was defined as an absolute neutrophil count of !500 cells/mm 3 . Related mortality was defined as death occurring within 5 days after the onset of fungemia, with concurrent signs of active infection and no other apparent cause.
We also included 2 cases of monomicrobial fungemia per case of MF as controls to identify the risk factors and clinical characteristics of mixed fungemia. The control cases were matched to cases of MF only by the year of positive blood culture result and were selected by means of a random-number table.
Microbiological identification and antifungal susceptibility testing. From 1985 to October 1995, blood samples were processed using the automated system Bactec-NR (Beckton Dickinson); thereafter, processing was done using the Bactec-9240 instrument (Beckton Dickinson). During the first period, all vials were incubated at 35ЊC for 7 days; in the second period, vials were shaken continuously for 5 days. CHROMagar Candida (CHROMagar), a differential and selective chromogenic agar medium for yeasts, was introduced in our institution in January 1995. Since then, yeast isolates have been systematically subcultured onto CHROMagar Candida plates; these plates are incubated for 5 days at 35ЊC to identify possible mixed infections. Identification of the isolates was confirmed using the ID 32 C system (bioMérieux), according to the manufacturer's recommendations. The isolates recovered from blood samples were stored at Ϫ70ЊC.
We studied the antifungal activity of amphotericin B, 5-fluorocytosine, ketoconazole, fluconazole, itraconazole, and voriconazole against the clinical isolates. The susceptibility study was performed using Sensititre YeastOne (Trek Diagnostic Systems), a modified microdilution method, according to CLSI M27-A 2 recommendations [22] [23] [24] . The trays were incubated for 24-48 h at 35ЊC. End point readings were defined visually as a full inhibition of growth (with amphotericin B) or prominent inhibition of growth (for the remaining antifungal agents).
Data analysis. Categorical data were analyzed using the x 2 test or Fisher's exact test (2-tailed), and the unpaired Student's t test was used for analysis of continuous variables. All comparisons were considered to be statistically significant at P values of р.05. Statistical analysis was performed using the SPSS software package, version 11.5 (SPSS).
RESULTS
Incidence and clinical characteristics of MF.
Between January 1985 and February 2006, 747 episodes of significant fungemia were detected in our institution (3% of all episodes of significant BSI). During the first period (1985-1994), we detected 217 episodes of fungemia and no episodes of MF. From 1995 to 2006, we detected 530 episodes of fungemia; 15 (2.8%) of these episodes, which occurred in 15 different patients, were MF. The annual distribution of these cases is summarized in table 1. No epidemiological links were found among episodes.
Candida albicans was the most commonly isolated species from patients who had MF (n p 13); the other species that were isolated were Candida glabrata (n p 6), Candida parapsilosis (n p 4), Candida tropicalis (n p 2), Candida dubliniensis (n p 2), Candida krusei (n p 2), and Saccharomyces cerevisiae (n p 1). Resistance to fluconazole was only detected in 1 isolate of C. glabrata and in C. krusei. The fluconazole-resistant strain of C. glabrata was also resistant to voriconazole (MIC, 4 mg/L).
The clinical characteristics of the 15 patients with MF are shown in table 1. Eleven patients were male, and the median age was 41 years (range, 0-90 years). All patients had significant debilitating conditions. Commonly associated risk factors were the use of central vascular catheters (80%), having undergone previous therapy with broad-spectrum antibiotics (73%), the use of indwelling bladder catheters (73%), having undergone surgery (60%), and having received parenteral nutrition (40%). Five patients (33%) had received antifungal therapy before experiencing fungemia (4 received fluconazole and 1 received amphotericin B). Overall, 53% of patients with MF were admitted to medical wards, 34% to intensive care units, and 13% to surgical wards.
As for clinical presentation, all patients had fever; 4 experienced renal failure; 2 had hepatic abscesses; 2 patients, one who had esophageal carcinoma and the other who was an injection drug user, had related skin lesions; and 1 patient had lung infiltrates and chorioretinitis (table 1) . Vascular catheters were the most common source of fungemia (9 cases [60%]), followed by an unknown source (3 cases [20%]), the urine (2 cases [13%]), and the abdomen (1 case [7%]).
Empirical therapy was initiated with fluconazole in 13 patients (11 cases) or with amphotericin B (2 cases) (table 1). The overall mortality rate among patients with MF was 20% (3 patients); all 3 deaths were related to the episode of fungemia (table 2). ) and prior surgery (60% vs. 27%; ), had P p .04 P p .03 a lower rate of use of parenteral nutrition (40% vs. 70%;
) and intravenous lines (80% vs. 100%; ), and P p .05 P p .01 had a lower incidence of shock (6% vs. 37%;
). With P p .03 regard to the portal of entry, we did not find any significant difference, although there was a trend toward vascular catheters more commonly being the origin of MF than of monomicrobial fungemia (60% vs. 37%;
), whereas an unknown origin P p .13 (20% vs. 43%;
) and an abdominal origin (7% vs 13%; P p .12 ) were more frequently observed in cases of mono-P p .50 microbial fungemia.
There were no significant differences in the percentage of patients who were treated with antifungal agents (13 [86%] vs.
[84%];
). We found a lower overall mortality rate P p .77 among patients with MF (20% vs. 53%;
), although we P p .03 could not find a statistically significant difference in related mortality (20% vs. 40%; ). P p .18 DISCUSSION MF has occurred in 2.8% of all episodes of fungemia in our hospital since 1995, when CHROMagar Candida medium was introduced for use in the routine subculturing of positive blood cultures in our institution. Episodes of MF are neither clinically different from monomicrobial episodes nor an indication of a more severe disease.
The incidence of MF is only collaterally mentioned in articles on candidemia in the general population, and it ranges from 2% to 9.3% [9-20, 25, 26] . However, only 3 series have focused specifically on mixed candidemia. Guerra-Romero et al. [18] , in a retrospective study in Spain that ended in 1988, documented MF in 3.4% of patients. Pulimood et al. [17] , in a retrospective study from 1992 to 2000 in the United States, found that MF occurred in 5.2% of patients with candidemia. The frequency of MF does not appear to be higher in cohorts of classically immunocompromised patients with candidemia, according to the data presented by Boktour et al. [19] . They identified 6% of patients with cancer who had candidemia (from 1993 to 2000) due to 11 Candida species. None of these studies used the CHROMagar Candida medium for identification.
In our institution, we pursue a long follow-up period with patients in the general population and use CHROMagar Candida for the identification of fungal isolates. It is now accepted that mixed yeast cultures can remain undetected by routine isolation methods [27, 28] ; therefore, many health care centers recommend the use of a differential subculture medium (e.g., CHROMagar Candida) when yeasts are detected in the Gram stain of a blood sample culture.
C. albicans was the most common species isolated, both in the present study and in our review of the literature on MF, followed by C. glabrata, C. parapsilosis, C. tropicalis, C. dubliniensis, C. krusei, and S. cerevisiae. The most common combinations of Candida species were C. albicans and C. glabrata (5 [33%] of 15 cases) and C. albicans and C. parapsilosis (4 [26%] of 15 cases). Among all of our patients, only 2 different fungal species were detected simultaneously, but other studies [17] [18] [19] [20] have demonstrated the anecdotal presence of up to 3 different Candida species recovered from the same blood sample culture. We could not find any factors that differentiate these patients from those with monomicrobial fungemia, and neither could other authors [17] [18] [19] [20] . Interestingly, only 5 patients in this study were experiencing active malignancies, none of which were hematological; none of these patients had chemotherapyassociated neutropenia, and only 5 (33%) had received prior antifungal therapy, a frequently identified risk factor in patients with monomicrobial candidemia [10, 11, [29] [30] [31] .
The portal of entry of MF was different from that of monomicrobial fungemia, although these differences were not statistically significant. Vascular catheter-related candidemia predominated in cases of MF (60% vs. 37%;
), and an P p .13 unknown origin was more frequently encountered in cases of monomicrobial fungemia (20% vs. 43%;
). In only 1 P p .12 patient did a culture of a sample from a catheter tip have positive results for both Candida species. Cultures of samples other than blood were not processed using a chromogenic medium, which may account for this discrepancy. Pulimood et al. [17] reported that catheters were the origin of infection in 8 of 12 patients who had MF, but this incidence was similar to that observed in patients who had monomicrobial fungemiathat is, 67% versus 53%. In addition, that study did not provide the number of patients in whom both Candida species were isolated from both sites.
We could not find significant differences in therapy or related mortality between MF and monomicrobial fungemia. However, the importance of the second strain could be better analyzed in the 3 patients who had a resistant strain. One patient was infected with C. glabrata and died, even though therapy with caspofungin was later initiated. Two patients with C. krusei infection survived; one patient was initially treated with amphotericin B, and the other received fluconazole. The patient who died of MF that consisted of an infection with C. albicans and C. parapsilosis had esophageal cancer and did not receive an antifungal agent in time. The overall mortality rate was higher for cases of monomicrobial fungemia (53%) than for MF (20%;
). These data differ from those of Pulimood P p .03 et al. [17] and Boktour et al. [19] , who found similar mortality (∼50%) in both groups.
This study has several limitations. First, it is a retrospective study in which patients were recruited over a long period of time and in which different fungal culture media were used. We cannot exclude the possibility that the patient population changed. Second, the number of cases of MF is small, which may account for our inability to find differences in some comparisons. In addition, with such low numbers, only a few cases can markedly influence outcome.
In summary, despite the introduction of chromogenic agar, MF is still an uncommon disease and has a less severe outcome than does monomicrobial candidemia.
